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1 Introduction 
The M100 wave representing a robust component 
of cortical Auditory Evoked Magnetic Fields 
(AEFs) is used to localize neuronal activation in the 
primary auditory cortex for a long time in 
neurophysiological research and with increasing 
importance also in clinical research [1-4]. Changes 
of location, orientation and strenght of equivalent 
current dipoles (ECD) are considered being 
correlated to changing physical parameters of the 
stimulus as well as specific pathological disorders 
[2,3]. However, the influence of defined types of 
periphere hearing loss was investigated not as 
intensive. The presented study is performed to 
evaluate wether partial hearing loss of different 
genesis leads to considerable aberrations in the 
dipole parameters, especially of the M100 
component, possibly reflecting adaptive central 
reorganization processes. 

2 Methods 
2.1 Patients and controls 
We compared cortical AEFs in controls with those 
in 10 rhighthanded male patients suffering from 
different defined forms of periphere sensorineural 
hearing loss (mean age 48,5y., 26-67) exceeding 30 
dB HL. The evaluation included time parameters as 
well as space parameters of AEFs. So the controls 
for the time-group consisted of 19 volunteers (mean 
age 21,1y. (17-27), 11 femal, 18 righthanded), the 
space-groupe controls were 10 volunteers (mean 
age 21y. (18-25), 7 femal, 9 righthanded). All 
voluteers were tested to be normal hearing 
(thresholds <15dB HL between 200 und 8000Hz in 
pure tone audigram) and free of any 
otorhinolarhyngological or neurological deficit. 
Patient group was free of outer and middle ear 
leasions. Genesis and degree of sensorineural 
hearing disorder were heterogeneous, thus the study 
results are based on the comparison between single 
patients and control-group.  

2.2 Materials 
All controls and patients were monaurally 
stimulated with series of 128 identically tone bursts 
(0,5; 1; 2; 4 or 5kHz; ISI 1100ms, duration 50ms 
including 5+5ms rise and fall time) and/or 128 
different combinations of a 1kHz burst and a word 
(monosyllabic words of the Freiburger Sprachtest; 
ISI 4500ms) presented through a acoustically tested 
tube and funnel system while beeing situated in a 
magnetically shielded room (AK 3b, 
Vacuumschmelze GmbH, Hanau, Germany). Level 
of stimuli was set to 80 dB SPL, thus beeing highly 
suprathreshold for controls and patients. 
Recordings of AEFs were performed with a 31 
channel first-order biomagnetometer (Philips 
GmbH, Hamburg, Germany) touchless positioned 
over the temporal scalp contralaterally to the 
stimulated ear. 128 trials with a lenght of 512ms 
bzw (4096 ms in combined stimuli) were recorded 
in one block, sampling frequency was 1000 Hz 
(500 Hz), pre-trigger base line 50 ms. Raw data was 
low pass filtered with 500Hz (250Hz). Prior to the 
session a 3D head coordinate system was created 
with a 3D digitizer Isotrak II (Polhemus, 
Colchester, VT), using 4 anatomical landmarks: 
right and left preauricular points, naseon and vertex 
(according to Cz of 10/20-EEG-system) to fit MEG 
coordinates into the MRI space. A T1-weighted 
MRI with a scan-matrix of 2563 voxels of 1mm 
thickness was recorded for dipole localization. 
Dipole fitting was carried out using CURRY v3.0 
(NeuroScan, Sterling, VA, USA). Trials 
contaminated by movement or eye artefacts were 
excluded. Mean global field power (MGFP) time 
curves were obtained after averaging, filtering (0.3-
40Hz, Hann), Common Mode Rejection (CMR) 
and Singular Value Decomposition (SVD). So AEF 
field components, their occurence, latency and 
duration as well as equivalent current dipole (ECD) 
localization (using realistically shaped head model, 
BEM) to the M100 component could be evaluated. 

 



We used a new local auditory cortex related 
reference system for interindividual group analysis: 
lateral and medial end of the first sulcus posterior to 
Heschls Gyrus on the temporal plane served as 
landmarks, we called it Heschl sulcus.  
 
 
 

3 Results 
3.1 Controls 

 
 
 
 
 
 

 

 
Figure 1: The local reference system we used based 
on Heschl Sulcus (red line).  Rectangular distance 
of ECD locus, its space components (craniocaudal 
and anteroposterior) and ECD-distance from 
lateral end of the sulcus were evaluated. 
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Duration of the M100 wave in controls
(stimulation contralateral to derivation)
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Figure 2: When stimulated with tone 
bursts, the latency of M100 did not differ 
with respect to the side of stimulation. 
However, combinations of tone burst and 
a word evoked an M100 with 8ms longer 
latency than single tone bursts (p<0.05, t-
test). 
 
Figure 3: There was a (not significant) 
tendency to longer lasting M100 after 
right side derivation (left stimulation). A 
significant difference was found between 
the duration of M100 derived after 
combined stimuli versus single tone 
bursts (17ms; p<0,01; t-test).  
 
The distance between M100 dipole 
location and the Heschl sulcus scattered 
from 4 to 13mm (mean 8mm) in both 
sides of derivation.  
The M50 wave was detected in about 
50% of all derivations and 25% more 
often in right derivations than in left 
derivations. In contrast, the waves M160 
and M250 emerged more often in left side 
derivations (about 30%) than right. 

Figure 2 

Figure 3 



 
3.2 Patients
  

���������
���������
���������
���������
���������
���������

����������
����������
����������
����������
����������
����������
����������

��������
��������
��������
��������
��������
��������

���������
���������
���������
���������
���������

���������
���������
���������
���������
���������
���������

Patient 3: M 100 d ipole  d istance to  Heschl' su lcus
(shaded columns: controls)
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Figure 4 a-d (previous page): 67y.o. male patient 
with symmetric high tone hearing loss (60dB at 
3kHz bilateral).  
 
In a clinical case shown in figure 4, an increasing 
distance between M100 dipole and Heschl sulcus 
with test tone frequency could be observed. These 
distances exceeded the value of controls up to 
100% (figure 4 c) at 5kHz while they are nearly 
normal at 1kHz. The dipole traces for the M50 and 
M100 (figure 4 d) are very long. Peak latency of the 
M100 is delayed and the component has a longer 
duration compared with controls (figure 4 b). An 
abnormal spacial scattering of dipol locations is 
apparent in the 3D reconstruction of temporal lobes 
(figure 4 a). 
The investigated patient group showed the 
following tendencies with respect to hearing loss 
and associated changes in AEFs: 
1. Diminished evokability of components 

including M100 (decreased MGFP in 8 of 10 
cases). Measurable M100 components were 
only evoked after combined tone-word stimuli 
but not after tones only in 2 cases. 

2. Aberrant wave forms (double MGFP peaks and 
plateaus, 8/10). 

3. Increase of M100 peak latency (6/10), M100 
duration (3/10) and abnormal laterality 
differences of peak latency.  

4. Changes of AEFparameters became apperent 
when tested with tone frequencies close to the 
lower limit of the affected frequency range in 
the tone audiogram (8/10). 

5. Abnormal variability of AEF parameters as 
revealed by intra- and intersession Re-test. 

6. At least one M100 dipole could not be fit in 9 
of 10 cases not only due to diminished SNR but 
due to non dipolar field pattern.  

7. Increased spatial scattering of dipol locations as 
well as deviant dipole locations (most 
frequently towards anterior and cranial in the 
right hemisphere). 

4 Discussion 
Fundamental knowledge on central auditory 
processing mechanisms is increasingly needed  f.i. 
due to increasing prevalence of hearing disorders. 
AEFs are used to describe auditory neuronal 
activity for a long time, however, the influence of 
sensorineural hearing loss on AEFs is investigated 
not as intensive till now.  
We compared time parameters and dipole locations 
of AEFs in normal hearing volunteers and patients 
suffering from sensorineural hearing loss after 

contralateral stimulation with highly suprathreshold 
tone bursts of different frequency. Our results 
indicate that, in a considerable number of patients, 
periphere hearing loss do correspond  to changes  of  
some  AEF features, such as evokability, form, 
peak latency, duration of MGFP waves and also 
dipole location and dipole scattering of the M100 
component (in line with [1,2,3,4,5]). These changes 
seem to be pronounced in the hemisphere 
contralateral to the periphere deficit and after 
stimulation with tone frequencies close to the lower 
limit of the affected frequency range in the tone 
audiogram.  
In this study an improved method for 
morphological correlation of ECDs to the auditory 
cortex was used: The temporal lobe was segmented 
from the individual MRI, and the anterior Heschl’s 
sulcus was taken as reference landmark. This 
method, although time consuming, was proved 
more sensitive for the above mentioned  effects. In 
our  opinion it provides a better approximation to 
real morphology [6] than using superficial 
landmarks such as preauricular points.  
For further examinations it is necessary to assemble 
larger homogenous patient groups to figure out the 
diagnostic value of the method for cerebral 
reorganization processes.  
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